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Abstract
Introduction: Studies have shown that the farm exposes workers and family members to countless
microorganisms such as, gram-negative bacteria that possess endotoxins, which have been demonstrated to
contribute to lung disease, such as asthma, in exposed workers. Results of studies of children show conflicting
results regarding the development of asthma or asthma-like symptoms in response to farm exposures. European
children show a “protective effect” against atopy and asthma during adolescence, while North American
children show a higher prevalence of asthma or asthma-like symptoms. Also, whether this protective effect
carries into adulthood is unclear. Some studies show a low prevalence of asthma or asthma-like symptoms in
adults with childhood farm exposures, and some studies show a high prevalence of asthma or asthma-like
symptoms in adulthood.
Aim: 1) Determine if childhood farm exposure has a protective effect on the prevalence of respiratory symptoms
in a population of adult agricultural workers, and 2) Determine whether in vitro proinflammatory responsiveness
to organic dust extract is decreased among adults with childhood farm exposure compared to those without
early childhood farm exposure.
Method: The study population for this analysis was 681 adult U.S. Veterans that worked on a farm as an adult
for more than two years. Chi-square and logistic regression were done to determine an association between
chronic respiratory symptoms and early childhood farm exposure. A whole blood assay was used to measure
responsiveness to organic dust extract. Interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) were
measured by ELISA at baseline, ODE-stimulated, and as the difference between baseline and ODE-stimulated
levels. Linear regression and student’s t-test examined the association of cytokine levels and early childhood
farm exposure.
Results: There was no significant associations between childhood farm exposure and chronic respiratory
symptoms. The odds of chronic respiratory symptoms were similar between those with or without early
childhood farm exposure. Also, early childhood exposures were not a predictor for cytokine responsiveness.

Conclusion: These results conclude the need for more analysis to be done regarding childhood exposure and the
development of adult chronic respiratory symptoms, especially within the veteran farming population. Future
analysis should include the consumption of unpasteurized milk, age of exposure, alcohol use amongst veterans,
and the type and location of farming practices that exist within the United States.

Introduction
The farm environment exposes workers and family members to a vast array of agents that aggravate the
lungs and respiratory symptoms. Studies have shown that the air in swine confinement facilities and grain
elevators are mainly comprised of microorganisms with gram-negative and gram-positive bacteria. [2,3,4] Gramnegative bacteria possess endotoxins that are present on the cell wall and are recognized to cause lung disease
in exposed workers. [5] Furthermore, farmers are also exposed to approximately 150 potentially toxic gases,
such as silo gas fermentation, pesticides, methane, anhydrous ammonia, and hydrogen sulfide. [5] All of these
kinds of exposures are known to be associated with airflow obstruction and respiratory symptoms, such as
wheeze, chronic cough and phlegm, dyspnea, and even death. [5]
Pro-inflammatory cytokines, such as Interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), are
beneficial and do act as a protective effect in innate immunity; however, when both cytokines are overproduced
cause severe pro-inflammatory reactions. [32,33,58] Many diseases occur due to the overproduction of these
pro-inflammatory cytokines, such as chronic disease, for instance asthma, chronic obstructive pulmonary
disease (COPD), and acute disease, such as acute respiratory distress syndrome. [32,33,58] Both adult and
children asthmatic patients have shown to have an overexpression of Il-6 within the bronchial epithelial cells
with some mild asthmatic patients with no airway inflammation having increase Il-6 levels. [52-54]
Wheezing, coughing, and chest tightness during a work-shift are more frequent among adult grainworking farmers compared to non-farming workers. [5] These findings support the results found by Thaon and
colleagues, where they showed an increased risk for usual morning phlegm in dairy compared to non-dairy
farmers. [6] Also, adult animal feeding handlers and farmers working around hay or straw have an increased risk
of wheezing. [6] These results demonstrate that adult farmworkers are susceptible to the farm environment and
exhibit respiratory symptoms.
Asthma has the following two characteristics: 1) airflow obstruction that can be reversible either
spontaneously or through treatment, and 2) airway inflammation that is accelerated by the variety of stimuli

including those present on the farm. [1] Atopy, similar to asthma, lacks an exact definition in clinical practice and
research studies because of the complex nature of both diseases. [28,29,30] However, many have defined atopy
as the presence of serum allergen specific IgE antibodies, and studies have shown that atopy can be present
without asthma. [31] European studies have shown that children growing up on a farm are protected against
atopy and asthma during adolescence. This observation led to the “hygiene hypothesis” which states that early
childhood farm exposures to microorganisms strengthen the immune system, protecting the child from
developing allergic diseases. [7]
Bruan-Fahlӓnder et al. found evidence for the hygiene hypothesis and showed that children between
the ages of 6-15 years old who have parents in the farming occupation had a lower prevalence of wheezing than
their peers living in nearby rural communities. Also, the farming children were less likely to have a positive skin
test and specific IgE to outdoor allergens than their peers. However, bronchitis and repeated cough did not
differ between the two populations. [8] Another study was done by Riedler et al. in Austria showing similar
results, with asthma and hay-fever being lower in children who are living on the farm compared to children
residing in non-farming environments. [9] Other researchers have shown similar results with slightly reduced
risk in asthma symptoms or atopy with children who solely lived on the farm during their childhood. [10,11]
However, two studies done in the U.S. and Canada found conflicting results. A cohort study done in Iowa
by Merchant and colleagues showed a high prevalence of asthma and asthma-like symptoms in children exposed
to the farm. [12] In addition, Farthing et al. found that children aged 6 – 13 years old living in Canada who were
exposed in the previous year to farming activities, such as grain bins, hay bales, or pens, were more likely to
have either asthma or respiratory symptoms (i.e., cough, phlegm, and wheeze). [13]
Whether this "protective” or “aggravating” effect carries over into adulthood is unclear. Radon et al.
showed that children between birth and seven years of age who had early childhood farm exposures had a
reduced risk of atopic respiratory diseases that continued into adulthood. Radon et al. defined adulthood to be
between the ages of 18 to 44 years old. [14] Similarly, Danish students who answered yes to the question,

“Were you born and raised on a farm?” had a lower prevalence of respiratory symptoms in young adulthood (18
– 25 years old) compared to Danish military service who indicated that they lived in a rural area, but were not
currently working on a farm. [15] Whether this protection was sustained throughout adulthood was not studied.
Adults that had 40 years or more of farming experience showed a low prevalence of adulthood asthma and a
reduced risk of respiratory symptoms compared to non-farming families of working age. [16] In contrast, a study
of Norwegian farmers showed an increasing prevalence of asthma with age in Norwegian farmers who were
exposed to the farm in their childhood. [17] Overall, these studies support a general trend for a reduced risk of
asthma, respiratory symptoms, and atopic sensitization among adults exposed to the farm environment in early
life. [18 - 22]
The studies mentioned above that show a “protective effect” were done using European populations,
where farming practices and the farming environment differ from the United States. [23] Europe has a high
prevalence of small, family-owned farms, while, to meet global demands in agriculture, the United States has
moved away from such farming practices over the last 40 years. Large confinement facilities are being used to
raise most of the hogs in the United States, with an average of 4,600 hogs per confinement facility. [23]
Furthermore, feedlots for cattle have increased with one feedlot housing upwards of 32,000+ cattle. [23]
Differences between European and United States farming practices may result in differences in exposure
intensity and challenge the protective effect of childhood farm exposures and the hygiene hypothesis in the
United States. [23]
Studies within the United States investigating the protective association of early childhood farm
exposures and asthma-like symptoms in adulthood are lacking. However, the research done within the United
States showed mixed results with asthma and asthma-like syndrome in adults who were exposed to the farm in
their childhood. Merchant found a high prevalence of asthma in children exposed to the farm in Iowa. [12]
House et al. found a reduced risk in atopy and asthma with children who were exposed to the farm in Iowa and
North Carolina before the age of six, compared to the control group of randomly selected individuals who

denied having any current asthma symptoms. [11] Hoppin et al. found evidence for a low prevalence of
respiratory diseases such as chronic bronchitis and adult-onset asthma but found a high prevalence of
respiratory symptoms (i.e., wheezes cough, and phlegm) compared to control. [24] These findings imply the
need for more research to be conducted regarding whether early childhood exposures help prevent the
development of respiratory symptoms in adults within the United States.
Specific Aims
Aim 1: Determine if childhood farm exposures have a “protective” effect on the prevalence of respiratory
symptoms in a population of adult agricultural workers.
Hypothesis 1: We hypothesize that farmers who were exposed to the farm as a child will have a lower
prevalence of respiratory symptoms compared to farmers that did not have early childhood farm exposures.
Aim 2: Determine whether in vitro proinflammatory responsiveness to organic dust extract is decreased among
adults with childhood farm exposure compared to those without early childhood farm exposures.
Hypothesis 2: We hypothesize that early childhood farm exposures are associated with a decreased
proinflammatory cytokine responsiveness.
Methods
Study Population. The study population for this analysis is U.S. Veterans that worked on a farm as an adult for
more than two years. Participants were recruited from the outpatient clinic at the Omaha Veterans Affairs
Medical Center. Eligibility criteria included 1) worked on a farm as an adult (≥ 19 years old) for at least two years,
2) was between the ages of 40 and 80 years old and, 3) have no history of asthma, metastatic cancer to the lung,
lung cancer, pulmonary fibrosis, hypersensitivity pneumonitis, sarcoidosis, respiratory infection, or exacerbation
of respiratory symptoms within the previous three weeks. These criteria were assessed by self-report and/or
confirmation in electronic health records. [25]
Recruitment started in March 2008 and ended in December 2013 and had a total of 681 participants. Inperson and telephone questionnaires assessed demographics, respiratory symptoms, and farm exposures. The

VA institutional Review Board approved the study, and each patient signed a written informed consent
document before participating in the study. [25]
Early Childhood Farm Exposures. In-person and telephone questionnaires assessed whether the participant had
early childhood exposures to the farm by asking, “At what age did you first work on a farm?” Early childhood
exposure was then categorized into a dichotomous variable (yes/no) based on the individual’s age of exposure.
If the individual was exposed to the farm less than or equal to the age of 6 then that individual was classified as
yes to childhood exposure. If an individual was exposed to the farm above the age of 6, then that individual was
classified as no to childhood exposure.
Respiratory Symptoms. Current wheeze was defined as answering “yes” to the question: “During the past year,
has your chest ever sounded wheezy or whistling when you did not have a cold?” Chronic cough, phlegm, and
bronchitis was defined according to the American Thoracic Society guidelines. [26] Chronic cough was defined as
a positive answer to the question: “Do you usually cough on most days for three consecutive months of the
year?” AND cough symptoms for at least 2 years. Chronic phlegm was defined as answering “yes” to the
question: “Do you bring up phlegm on most days for 3 consecutive months of the year?” AND phlegm symptoms
for at least 2 years. Chronic bronchitis was defined as those participants having both chronic cough and chronic
phlegm. Dyspnea was defined as a dichotomous variable based on the question, “How would you describe your
breathing?” If the subject answered 1 or 2 on the Modified Medical Research Council (mMRC) scale, then the
subject was considered to have no dyspnea except during strenuous activity, and if the subject answered >2
then it would be considered dyspnea (i.e., at least shortness of breath when an individual is hurrying up a slight
hill).
Organic Dust Preparation. Organic dust for the whole blood assay was collected from a swine confined animal
feeding operation and prepared as previously described [25]. Briefly, settled surface dust was extracted in
phosphate-buffered saline, centrifuged, and filter sterilized (100% ODE). The dust extract was diluted to a final
concentration of 1% (vol/vol) and used in the whole blood assay.

Whole Blood Assay. Blood was obtained by venipuncture and used for a cell differential and the whole blood
assay [25]. Heparinized blood samples were processed within 2 h of collection. Blood was diluted at a 1:1 ratio
with L-glutamine-RPMI 1640 medium (Thermo Fisher Scientific, Waltham, MA). then stimulated with ODE (1%)
or sterile phosphate-buffered saline. Dilute blood was incubated for 24 h at 37 °C with 5% CO2, and then
centrifuged at 500 x g for 5 min. Cell-free supernates were assayed for IL-6 and TNF-α.
IL-6 and TNF-α ELISAs. A sandwich Enzyme-Linked Immunosorbent Assay (ELSA) was executed for the
measurement of IL-6 and TNF-α. [25] A microtiter plate was coated overnight with purified (goat) anti-human IL6 or anti-human (mouse) TNF-α antibodies. Both were obtained from Research & Development (R&D) Systems
in Minneapolis, MN. [25] Whole-body assay supernates were incubated in wells at room temperature and were
followed by (rabbit) anti-human IL-6 antibody obtained from Sigma-Aldrich, St. Louis, MO or biotinylated antihuman (goat) TNF-α (R&D Systems). [25] Human serum-absorbed peroxidase-conjugated anti-rabbit (goat) IgG
obtained from Rockland Immunochemicals in Pottstown, PA, or streptavidin-HRP for TNF-α (R&D Systems) were
applied for detection. [25] Using a VERSAmax microplate reader from Molecular Devices in San Jose, CA
colorimetric conversion of substrate (R&D Systems) was quantified at 450 nm. Concentrations of the cytokines
were interpolated from an integrated 8-point standard curve created using purified recombinant human
proteins. [25] The limits for detectability of human cytokine assays were 60 pg/mL for IL-6 and 15 pg/ml for TNFα. [25]
Statistical Analysis
Using SAS Software (version 9.4; SAS institute, Inc. Carly, NC, USA), the association between chronic
respiratory symptoms, including wheeze, cough, phlegm, dyspnea and bronchitis, and early childhood farm
exposure (≤6 years of age, >6 years of age), was determined using univariate chi-square test. A multivariable
logistic regression model was used to further explore this association and was adjusted for age (continuous
variable), sex (male/female), body mass index (BMI kg/m2, < 25, 25–29.9, ≥ 30), race (white/other), education (<

high school, ≥ high school), smoking status (never, former, current), COPD status (yes/no) and white blood cell
count (103/μl, continuous variable).
Due to the skewed nature of IL-6 and TNF-α, all values were transformed to the natural logarithm scale.
Cytokine responsiveness to ODE was calculated as the difference between baseline and ODE-stimulated cytokine
production. The student’s t-test examined associations between baseline IL-6, ODE-stimulated IL-6, and ΔIL-6
and early childhood farm exposure (yes/no). The t-test also examined the association between baseline TNF-α,
ODE-stimulated TNF-α, and ΔTNF-α levels and childhood farm exposure (yes/no). A multivariable linear
regression model was used to examine childhood farm exposure as a predictor of cytokine production (IL-6 and
TNF-α): baseline, ODE-stimulated and the change from baseline to ODE-stimulated cytokine production while
adjusting for age (continuous variable), sex (male/female), body mass index (BMI kg/m2, < 25, 25–29.9, ≥ 30),
race (white/other), education (< high school, ≥ high school), smoking status (never, former, current), COPD
status (yes/no) and white blood cell count.
Results
After the inclusion criteria of being between the ages of 40 and 80 years old, had at least 2 or more
years of farming experience and did not have missing information on childhood farm exposure 621 out of 688
individuals were analyzed. Within our population, 34.41% of participants were exposed the farm as a child (≤6
years of age) and the distribution of exposure is shown in Figure 1. Demographics and history of respiratory
symptoms are presented in Table 1. Individuals had an average age of 64.89 ± 8.3 SD, with the majority being
white (96.26%), male (97.91%), current or former smokers (79.06%) and with a >high school education (55.99%).
Most of the participants (60.20%) had COPD and the prevalence of respiratory symptoms was 33.50% for
chronic cough, 33.94% for chronic phlegm, 23.38% for chronic bronchitis, 49.96% for wheeze, and 44.24 % for
dyspnea (score > 2).
Table 2 demonstrates results from a univariate analysis that examined the relation between respiratory
symptoms and early childhood farm exposures. Based on Table 2, there were no significant associations

between chronic cough (p = 0.70), chronic phlegm (p = 0.85), chronic bronchitis (p = 0.90), wheeze (p = 0.12),
and dyspnea (p = 0.23) and early childhood farm exposure. Using a multivariate logistic regression model (Table
3), there were no significant associations between early childhood farm exposure and respiratory symptoms,
e.g. chronic cough (OR = 1.01; 95% CI 0.64 – 1.58, p = 0.97), chronic phlegm (OR = 1.02; 95% CI 0.65 – 1.61, p =
0.93), chronic bronchitis (OR= 1.15; 95% CI 0.69 – 1.92 , p = 0.60), wheeze (OR= 0.87; 95% CI 0.56 – 1.34, p =
0.52), and dyspnea (OR= 0.87; 95% CI 0.57 – 1.35, p = 0.54). However, in the adjusted analysis, individual
covariates were significantly associated with chronic respiratory outcomes, such as current smoking (OR = 4.11;
95% CI 2.22 – 4.61, p < 0.01) with chronic cough. Current smoking (OR= 5.37; 95% CI 2.75 – 10.52, p < 0.01) and
former smoking (OR=2.47; 95% CI 1.40 – 4.36, p < 0.01) were significantly associated with chronic phlegm, and
current smoking (OR= 6.28; 95% CI 2.90 – 13.60, p < 0.01) and former smoking (OR = 2.42; 95% Cl 1.21 – 2.89, p
< 0.05) with chronic bronchitis. Age (OR=0.96; 95% CI 0.93 – 0.98, p < 0.05), former smoking (OR = 1.84; 95% Cl
1.13 – 3.00, p < 0.05) COPD (OR= 3.07; 95% CI 2.06 – 4.58, p < 0.01) with wheeze . Lastly, education (OR = 1.50;
95% Cl 1.04 – 2.17, p < 0.05), 25-29.9 BMI (OR = 0.57 95% Cl 0.37 – 0.86, p < 0.05), current smoking (OR = 1.96
95% Cl (1.08 – 3.59 , p < 0.05), former smoking (OR = 1.82 95% Cl 1.12 – 2.94, p < 0.05), COPD (OR= 2.30; 95% CI
1.56 – 3.38, p < 0.01), and WBC (OR = 1.10 95% Cl 1.00 – 1.36, p < 0.05) with dyspnea (Table 3).
Table 4 reveals the results of TNF-α levels at baseline, ODE- stimulated, and ΔTNF-α with early childhood
farm exposures. No associations were found between baseline TNF-α (p = 0.33), ODE-stimulated TNF-α (p =
0.20) or ΔTNF-α (0.79) and early childhood farm exposures.
In a sensitivity analysis, childhood exposure was stratified by ≤ 10 years of age, and > 10 years of age.
Similar results were observed when childhood exposure was increased to the age of ten. Childhood exposure
was then analyzed as a continuous variable, and the same results were still seen within the analysis.
Table 5 shows the results from an independent t-test that was conducted to compare at baseline, ODEstimulated, and ΔIL-6 levels with early childhood exposure. Results similar to TNF-α were observed with non-

significant associations between early childhood farm exposure and IL-6 at baseline (p = 0.12), IL-6 ODEstimulated (p = 0.08), and ΔIL-6 (p = 0.05).
Multivariate linear regression models were performed to determine if early childhood farm exposures
were associated with TNF-α and IL-6 (Tables 6 & 7). Results were similar to that found in the univariate analysis
where early childhood farm exposure was not a predictor of IL-6 or TNF-α levels (baseline, ODE-stimulated and
Δ). Table 6 shows that WBC (p < 0.05) and smoking status (p <0.01) were significant when predicting IL-6 at
baseline. Also, education status (p < 0.05) were associated when predicting ΔIL-6. Table 7 shows that age (p <
0.05), education (p < 0.05), and smoking status (p < 0.01) had any association when predicting TNF-α at baseline.
Lastly, WBC (p < 0.01) had association when predicting ΔTNF-α.
In order to determine whether participants stopped working on the farm due to specific farm exposures,
we compared the percentage of those that left farm work due to exposure to animals or crops or if chronic
respiratory symptoms due to those exposures motivated participants to leave work. Tables 8 – 11 display the
results. Table 8 reveals that most of our population did not leave work due to animal exposure. The individuals
who did leave due to animal exposure, less than 26% were caused by poultry or cow exposure, and 66.67% were
caused by pig exposure. Table 9 suggests that ≥ 50% of the workers who answered yes to leaving due to animal
exposure were caused by the following respiratory symptoms: wheezing, coughing, shortness of breath or chest
tightness, or runny or stuffy nose. Table 10 shows that grain, hay, oats, or straw caused most of the workers to
stop working on the farm due to crop exposure, and Table 11 shows that wheezing, coughing, shortness of
breath or chest tightness, and runny or stuffy nose were the reasons (≥ 60%)
Discussion

The overall goal of this analysis was to explain childhood farm exposures and their relations to
respiratory symptoms and cytokine responsiveness in the U.S. veteran population. Based on our current
knowledge, this is one of the very few studies to examine the association between childhood exposure and adult

respiratory symptoms and stimulated cytokine production. Participants within the study had a low prevalence of
self-reported respiratory symptoms, such as dyspnea, wheeze, bronchitis, and cough, despite having a high
prevalence of COPD, smokers (current and former), and individuals with a high BMI. [37] Farmers are constantly
subjected to many exposures that aggravate the lungs causing respiratory symptoms, such as hay, grains, dust,
and pesticides.[5,41,42] Bacteria and fungi that possess endotoxins are known to cause inflammation in the
airway causing respiratory symptoms. [39,40] Also, diesel exhaust is another byproduct irritant that contributes
to airway inflammation as well. [38] Long-term respiratory symptoms may suggest respiratory disease or arise
short-term due to these irritants. Although these irritants have been shown to cause allergic airway
responsiveness in adult farmers, very few studies have shown that being raised on the farm at an early age
reduces an individual’s risk of developing asthma or asthma-like symptoms. [14 -22] Despite the studies showing
either a protective in children or a harmful effect in adults exposed to the farm, this occurrence is not universal,
and could depend on the age of exposure, farm location, or farming practice. Riedler et al. found that the age of
exposure to the farm and unpasteurized milk showed protection from asthma in children before one year of
age, and children who did not receive both exposures until after that first-year protection was not apparent by
age 5. [22]

These results were also seen in similar studies that found unpasteurized milk consumption in the first
year of life was associated with a reduction in childhood atopic diseases. [43-46]. Consistent consumption of
unpasteurized milk in the first year of life also protected against the development of asthma in both farmers and
non-farmer children above the age of five. [47] Even children who consumed unpasteurized milk showed a
protective effect in the development of childhood asthma, regardless of other farm exposure compared to
children who consumed boiled farm milk. [48] It may be possible that the consumption of unpasteurized milk
has more of an important role than the farming environment alone.

Those studies could explain why there was no significant association between early age exposure to the
farm and adult chronic respiratory symptoms within this study. IL-6 and TNF-α were chosen for the analysis
because of their involvement in inflammation in the lungs; thus, leading to the development of an array of
pulmonary diseases, such as COPD, asthma, and chronic bronchitis. [32,33] Early childhood farm exposure did
not have an impact on TNF-α and IL-6 responses to organic dust in a whole blood assay. This relationship was
robust regardless of the age of exposure, e.g., < 6 years or < 10 years. If the reduced risk of developing asthma is
seen in the first year of life and seen with the consumption of unpasteurized, then it could be possible that
examining farm exposure, in general, maybe the reason for our results. Also, within our population, individuals
with exposure < 3 years of age were sparse, building on the fact that no association was observed in our
analysis.

As mentioned before, farming practices do differ in geographical locations; for instance, the United
States is increasing the number of large animal confined feeding operations. Information regarding the
development of asthma in children, and these types of exposures is not evident. In Iowa, a significant
association was observed in these types of a large animal confined feeding operations and the development of
asthma in children and the use of medication for asthma-like symptoms. [49] Further dividing our population
into large and small feeding operations may give more insight into whether an association exists between
childhood farm exposure and asthma.

Another reason for our lack of association between childhood farm exposure and the development of
adult respiratory symptoms is that the population under study all have agricultural exposure as an adult
regardless if they add exposure to the farm as a child. Many of the studies that examined the “protective effect”
in adults compared a farming population to a non-farming population. However, Douwes et al. found that adults
who worked on the farm without childhood exposure, and adults who had both childhood and adult exposures
had similar results regarding the development of asthma. [50]

There are limitations to our study. The study’s inclusion criteria only included individuals who are U.S.
veterans and had exposure to an agricultural environment; thus, these results cannot be generalized to nonVeterans and non-agricultural workers. Another limitation is that most of our population are former or current
smokers (76.11%), white (96.55%), and male (98.78%). Therefore, generalizing these results outside of this
defined demographic would not be valid. Even though most of the agricultural population are white and male,
the USDA 2017 Census of Agriculture shows that more females are becoming farmers, with nearly 36% of the 3.4
million total population of farmers are female, which is a 26.6% increase from 2012. Including this everchanging
demographic within future analyses are critical to strengthening our understanding of the “protective effect” of
farming in other populations.

Another limitation that may exist within our population is the healthy worker bias. We examined that
potential bias, and the results are seen in Table 8 through 11. There was a higher percentage of workers who did
not leave work due to animal (95.31%) or crop exposures (92.10%). Even though a small percentage of workers
who did leave work was assessed in our analysis, the population is statistically underpowered compared to the
large percentage of individuals who did not leave work. Interestingly, the individuals who did leave work due to
animal exposures, less than 25% were from cows, while 63% were from swine exposure. Macneill et al. found
that children in Poland who were exposed to cattle farming had a lower prevalence of asthma development
than children exposed to other farm exposures. [51] Pavilonis et al. found children exposed to large swine
feeding operations had a higher prevalence of asthma development. [49] Even though the farming practices do
differently between these two countries, the possibility that the type of exposure could be “protective” or
harmful is still prevalent.

An additional limitation that may exist within this study is alcohol consumption amongst veterans and
farmers. The prevalence of alcohol consumption, especially risky drinking, which was defined as six drinks for
men, and four drinks for women, are higher amongst farmers than the national population in Australia. [55].

Also, veterans are more likely to use alcohol, and even some report heavy use of alcohol compared to nonveterans. [56] Alcohol consumption has been seen to regulate an individual’s innate immune response and has
been seen to reduced proinflammatory, such as TNF-α and IL-6 production.[57] Future studies that assess
veteran farmers should include alcohol consumption within the analysis.

In summary, we found no association between childhood exposure to the farm and the development of
asthma or asthma-like symptoms. Even though our study does have limitations, this large cohort does provide
valuable information to the literature regarding whether the “protective effects” carries into adulthood. Further
exploration within this population should examine whether the consumption of unpasteurized milk contributes
more to the “protective effect” that is seen in other studies and whether different farming practices cause any
reduced risk in the development of asthma or asthma-like symptom.

Application of Public Health Competencies

Foundational Competency
MPHF 3: Analyze quantitative and qualitative data using biostatistics, informatics, computer-based
programming, and software, as appropriate.
Using the VA database and the computer-based statistical programming SPSS and SAS, I will conduct an
analysis related to my specific aim.
Concentration Competency
EPIMPH 3: Analyze datasets using computer software
I will analyze respiratory symptoms of each group of interest and compare their means to determine if
the number of years on the farm does account for a “protective” effect in adult Veterans farmers and
respiratory symptoms using SPSS. I will accommodate for any variables that may skew the results, for example,
the BMI of an individual.
EPIMPH 4: Utilize analytical approaches to describe, summarize and interpret epidemiological data
Throughout my written report, I will describe the analytical approaches made and the methods used to
address the specific aims of my capstone. All the results will then be interpreted and summarized in my written
report.
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Table 1 Demographics and History of Chronic Respiratory Symptoms of the Study
Population
Total N= 621*
Age, Mean yrs. (SD)
64.89 (8.3)
Sex, n (%)
Male
608 (97.91)
Female
13 (2.09)
BMI, kg/m2, n (%)
< 25
86 (13.87)
25-29.9
183 (29.52)
≥ 30
351 (56.61)
Childhood Exposure, n (%)
≤ 6 years
213 (34.41)
> 6 Years
406 (65.59)
Race, n (%)
White
592 (96.26)
Other
23 (3.74)
Education, n (%)
≤ High School
261 (44.01)
> High School
332 (55.99)
Smoking Status, n (%)
Current
124 (20.13)
Former
363 (58.93)
Never
129 (20.94)
COPD, n (%)
366 (60.20)
Chronic Cough, n (%)
Yes
204 (33.50)
No
405 (66.50)
Chronic Phlegm, n (%)
Yes
206 (33.94)
No
401 (66.06)
Chronic Bronchitis, n (%)
Yes
141 23.38)
No
462 (76.62)
Wheeze, n (%)
Yes
286 (49.96)
No
323 (53.04)
Dyspnea
Yes
265 (44.24)
No
334 (55.76)
Abbreviations and Definitions: BMI (Body Mass Index), COPD (Chronic Obstructive
Pulmonary Disease; defined as FEV1/FVC < 0.7). SD standard deviation, N total,
and % percent.
*Numbers may not add to n = 321 due to missing data.

Table 2 Univariate Analysis of the Association of Chronic Respiratory Symptoms and Early
Childhood Farm Exposures*
Respiratory
Symptoms

Childhood Exposure,
age ≤ 6

Childhood Exposure, age
>6

n (%)

n (%)

Chronic Cough
Yes
68 (11.18)
135 (22.20)
No
142 (23.36)
263 (43.26)
Chronic Phlegm
Yes
70 (11.55)
135 (22.28)
No
140 (23.10)
261 (43.07)
Chronic Bronchitis
Yes
48 (7.97)
92 (15.28)
No
161 (26.74)
301 (50.00)
Wheeze
Yes
89 (14.64)
196 (32.24)
No
120 (19.74)
203 (33.39)
Dyspnea
Yes
84 (14.05)
180 (30.10)
No
122 (20.40)
212 (35.45)
*Numbers may not add up to n = 621 due to missing data.

2

p-value

0.15

0.70

0.03

0.85

0.02

0.90

2.36

0.12

1.45

0.23

Table 3 Multivariate Logistic Regression Models of Predictors of Respiratory Symptoms with Early Childhood Farm
Exposures
Respiratory Symptoms
Chronic Cough
Covariates
Early
Childhood
Exposure
≤6 vs > 6*

OR (95% Cl)

Chronic Phlegm
pvalue

OR (95% Cl)

pvalue

Chronic Bronchitis
OR (95% Cl)

Wheeze

pvalue

OR (95% Cl)

Dyspnea
pvalue

OR (95% Cl)

pvalue

1.01 (0.73 –
1.57)

0.74

1.17 (0.79 –
1.73)

0.44

1.22 (0.79 –
1.88)

0.37

0.94 (0.64 –
1.38)

0.13

0.93 (0.64 –
1.36)

0.72

1.01 (0.99 1.03)

0.59

1.00 (0.97 –
1.02)

0.80

1.00 (0.97 –
1.03)

0.97

0.96 (0.93 –
0.98)

<0.01

1.00 (0.97 –
1.02)

0.80

Sex
Male vs
Female*

1.10 (0.31 –
3.86)

0.90

0.97 (0.16 –
2.79)

0.58

1.22 (0.30 –
5.06)

0.78

0.73 (0.20 –
2.73)

0.64

2.42 (0.74 –
7.96)

0.14

Race
White* vs
Other

1.09 (0.43 –
2.77)

0.85

1.16 (0.47 –
2.89)

0.75

0.85 (0.30 –
2.39)

0.76

2.34 (0.87 –
6.27)

0.09

2.20 (0.88 –
5.51)

0.09

1.18 (0.81 –
1.72)

0.39

0.96 (0.65 –
1.41)

0.85

0.96 (0.62 –
1.47)

0.84

1.08 (0.74 –
1.57)

0.70

1.50 (1.04 –
2.17)

0.03

0.87 (0.57 –
1.32)

0.51

0.70 (0.45 –
1.07)

0.10

0.95 (0.60 –
1.53)

0.84

0.69 (0.45 –
1.05)

0.08

0.57 (0.37 –
0.86)

0.01

0.68 (0.39 –
1.19)

0.18

0.71 (0.41 –
1.25)

0.24

0.80 (0.43 –
1.49)

0.48

0.65 (0.37 –
1.14)

0.13

0.75 (0.43 –
1.29)

0.30

Smoking
Status
Current vs
Never*

4.11 (2.22 –
7.61)

<0.01

5.37 (2.75 –
10.52)

<0.01

6.28 (2.90 –
13.60)

<0.01

3.20 (1.74 –
3.54)

<0.01

1.96 (1.08 –
3.59)

0.03

Former vs
Never*

1.45 (0.87 –
2.413)

0.15

2.47 (1.40 –
4.36)

<0.01

2.42 (1.21 –
2.89)

0.01

1.84 (1.13 –
3.00)

0.01

1.82 (1.12 –
2.94)

0.02

COPD
COPD vs
Control*

1.43 (0.97 –
2.11)

0.07

2.11 (1.42 –
3.13)

<0.01

1.87 (1.21 –
2.89)

<0.01

3.07 (2.06 –
4.58)

<0.01

2.30 (1.56 –
3.38)

<0.01

1.03 (0.94 –
1.13)

0.56

0.97 (0.89 1.07)

0.53

1.00 (0.91 –
1.11)

0.99

1.09 (0.99 –
1.20)

0.76

1.10 (1.00 –
1.36)

0.04

Age

Education
≤ High School
vs > High
school*
BMI
25 – 29.9 vs ≥
30*
<25 vs ≥ 30*

WBC

*The reference group for covariates is early childhood exposure (>6 years), Sex (Male), Race (White), Education
(>high school), BMI (≥ 30), Smoking Status (Never), and COPD (Control).

Table 4 Univariate Results Comparing Early Childhood Exposure on Baseline, ODE-Stimulated and ΔTNF-α
TNF-α
Categories

Childhood Exposure, age > 6

Childhood Exposure, age ≤ 6

N

Mean, pg/ml
(SD)

N

Mean, pg/ml
(SD)

Sig.

393

4.17 (1.70)

203

4.30 (1.43)

0.33

LN TNF-α
(ODEStimulated)

337

7.54 (0.68)

192

7.62 (0.72)

0.20

LN ΔTNF-α

318

3.37 (1.61)

177

3.40 (1.39)

0.79

LN TNF-α
(Baseline)

Abbreviations and Definitions: SD standard deviation, N total, TNF tumor necrosis factor, ODE organic dust
extract, LN natural log.
* Numbers may not add up to n = 621 due to missing data.
*

Table 5 Univariate Results Comparing Early Childhood Exposure on IL-6 at baseline, ODEStimulated, and overall change
IL-6 Categories

Childhood Exposure > 6

Childhood Exposure ≤ 6

N

Mean, pg/ml
(SD)

N

Mean, pg/ml
(SD)

p-value

LN IL-6 (Baseline)

393

7.28 (1.31)

202

7.43 (1.09)

0.12

LN IL-6 (ODEStimulated)

337

9.68 (0.52)

192

9.76 (0.51)

0.08

LN ΔIL-6

318

2.56 (1.21)

177

2.36 (1.00)

0.05

Abbreviations and Definitions: SD standard deviation, N total, IL-6 interleukin-6, ODE organic dust
extract, LN natural log.
* Numbers may not add up to n = 621 due to missing data.

* Numbers may not add up to n = 621 due to missing data.

* Numbers may not add up to n = 621 due to missing data.

Table 6 Linear regression analysis for the association between IL-6 levels and early childhood farm exposures
Covariates

LN IL-6 (Baseline)

LN IL-6 (ODE-Stimulated)

LN ΔIL-6

Early Childhood Exposure

β (SE)
0.12 (0.11)

Sig.
0.29

β (SE)
0.07 (0.05)

p-value
0.14

β (SE)
-0.15 (0.11)

p-value
0.15

Age

0.001 (0.01)

0.93

0.002 (0.003)

0.40

-0.001 (0.01)

0.88

Sex

-0.16 (0.34)

0.63

-0.11 (0.14)

0.43

-0.07 (0.32)

0.82

Race

0.18 (0.26)

0.50

0.06 (0.11)

0.60

-0.03 (0.25)

0.91

Education

0.16 (0.11)

0.12

0.003 (0.05)

0.94

-0.23 (0.11)

0.03

BMI

-0.07 (0.07)

0.32

0.01 (0.04)

0.30

0.03 (0.07)

0.60

Smoking Status

0.23 (0.09)

<0.01

0.04 (0.04)

0.30

-0.14 (0.08)

0.11

COPD

0.05 (0.11)

0.67

-0.01 (0.05)

0.81

0.08 (0.11)

0.49

WBC

0.03 (0.03)

0.27

0.01 (0.01)

0.55

-0.01(0.03)

0.70

Abbreviations and Definitions: BMI (Body Mass Index), COPD (Chronic Obstructive Pulmonary Disease; defined as
FEV1/FVC < 0.7), IL-6 interleukin-6, ODE organic dust extract, LN natural log.
The reference group for covariates is early childhood farm exposure (>6 years), Sex (Male), Education (>high school),
Race (White), BMI (≥ 30), Smoking Status (Never), and COPD (Control).

Table 7 Linear regression analysis for the association between TNF-α levels and early childhood farm exposures
TNF-α Levels

Covariates

LN TNF-α (Baseline)

LN TNF-α (ODE-Stimulated)

LN ΔTNF-α

Early Childhood Exposure

β (SE)
-0.02 (0.14)

Sig.
0.88

β (SE)
0.07 (0.07)

Sig.
0.31

β (SE)
0.16 (0.15)

Sig.
0.28

Age

0.02 (0.01)

0.01

0.01 (0.003)

0.13

-0.02 (0.01)

0.08

Sex

0.07 (0.45)

0.87

0.05 (0.20)

0.81

-0.10 (0.43)

0.82

Race

-0.08 (0.35)

0.81

-0.12 (0.16)

0.45

0.12 (0.35)

0.73

Education

0.37 (0.14)

0.01

-0.01 (0.07)

0.94

-0.28 (0.15)

0.06

BMI

0.07 (0.10)

0.31

0.04 (0.04)

0.28

-0.01 (0.10)

0.92

Smoking Status

0.33 (0.11)

<0.01

0.03 (0.05)

0.56

-0.28 (0.12)

0.02

COPD

-0.19 (0.15)

0.21

0.01 (0.07)

0.09

0.22 (0.15)

0.15

WBC

0.06 (0.03)

0.10

-0.07 (0.07)

0.31

-0.10 (0.04)

<0.01

Abbreviations and Definitions: BMI (Body Mass Index), COPD (Chronic Obstructive Pulmonary Disease; defined as
FEV1/FVC < 0.7), IL-6 interleukin-6, ODE organic dust extract, LN natural log.
The reference group for covariates is early childhood exposure (>6 years), Sex (Female), Race (White), Education
(>high school), BMI (≥ 30), Smoking Status (Never), and COPD (Control).

Table 8. Total Number of Participants who Stopped Work Due to Animal Exposures
Factor
Stopped Working with Any Type
of Farm Animal
Yes
No

n (%)

19 (4.69)
386 (95.31)

Poultry
Yes
No

5 (26.32)
14 (73.68)

Cows
Yes
No

4 (21.05)
15 (78.95)

Pigs
Yes
No

12 (63.16)
7 (36.84)

Other
Yes
5 (26.32)
No
14 (73.68)
Subjects were asked if they ever had to stop working with any type of animal. If they
answered yes, then subjects were asked which of following animals did you stop
working with

Table 9 Total Number of Participants who Stopped Work Due to Respiratory Symptoms
from Animal Exposure
Factor
Symptoms that caused to stop working with animals

n (%)

Wheezing
Yes
No
Do not Know

11 (57.89)
7 (36.84)
1 (5.26)

Coughing
Yes
No

13 (68.42)
6 (31.58)

Shortness of Breath or Chest Tightness
Yes
No
Do not Know

12 (63.16)
6 (31.58)
1 (5.26)

Runny or stuffy nose
Yes
No

12 (563.16)
7 (36.84)

Subjects were asked if they ever had to stop working with any type of animal. If they
answered yes, subjects were asked if they ever had to stop working with any type of
animal because of their respiratory symptoms.

Table 10 Total of Participants who Stopped Work Due to Crop Exposures
Factor
Stopped Working with Any Type of Crops
Yes
No
Do not Know
Refused

n (%)
30 (7.41)
373 (92.10)
1 (0.25)
1 (0.25)

Corn
Yes
No

14 (6.67)
16 (53.33)

Soybeans
Yes
No

14 (6.67)
16 (53.33)

Wheat
Yes
No

12 (40.00)
18 (60.00)

Other Grain (Hay, Oats, or Straw)
Yes
20 (66.67)
No
10 (33.33)
Subjects were asked if they ever had to stop working with any type of crops. If they answered
yes, then subjects were asked which of the following crops did you stop working with.

Table 11 Total Number of Participants who Stopped Work Due to Respiratory Symptoms from
Crop Exposure
Factor
Symptoms that caused to stop working with
animals

n (%)

Wheezing
Yes
No

19 (63.33)
11 (36.67)

Coughing
Yes
No

23 (76.67)
7 (23.33)

Shortness of Breath or Chest Tightness
Yes
No
Do Not Know

22 (73.33)
7 (23.33)
1 (3.33)

Runny or stuffy nose
Yes
No

24 (80.00)
6 (20.00)

Subjects were initially asked if they ever had to stop working with any type of crops. If they
answered yes, subjects were asked if they ever had to stop working with any type of animal
because of their respiratory symptoms.

